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T h i s   i n v e n t i o n   r e l a t e s   to   E s c h e r i c h i a   c o l i   p l a s m i d  

v e c t o r s   i m p r o v e d   in  t h a t   t h e y   a r e   s u i t e d   f o r   t h e  

p r o d u c t i o n   of   u s e f u l   p o l y p e p t i d e s   and  to  t he   u s e  

t h e r e o f .   More  p a r t i c u l a r l y ,   i t   r e l a t e s   to   i m p r o v e d  

p l a s m i d   v e c t o r s   h a v i n g   a  5 ' - t e r m i n a l   u n t r a n s l a t e d  

r e g i o n   of  t h e   E s c h r i c h i a   c o l i   l i p o p r o t e i n   g e n e ,   w h i c h  

r e g i o n   i s   i m p r o v e d   in  t h a t   a  g e n e   c o d i n g   f o r   a  u s e f u l  

p o l y p e p t i d e   can  be  i n s e r t e d   in  an  e a s y   and  s i m p l e  

m a n n e r   and  t h a t   s a i d   u s e f u l   p o l y p e p t i d e   can  be  p r o d u c e d  

in  s u b s t a n t i a l l y   c o m p l e t e   f o r m ,   and  to   t h e   p r o d u c t i o n  

of  u s e f u l   p o l y p e p t i d e s   u s i n g   E s c h e r i c h i a   c o l i  

t r a n s f o r m a n t s   t r a n s f o r m e d   w i t h   s a i d   p l a s m i d s .  

The  s o - c a l l e d   r e c o m b i n a n t   DNA  t e c h n o l o g y  

( h e r e i n a f t e r   a b b r e v i a t e d   as  rDNA  t e c h n o l o g y )   has  so  f a r  

made  i t   p o s s i b l e   to   p r o d u c e   a  v a r i e t y   of  u s e f u l  

p o l y p e p t i d e s   by  t h e   use   of  m i c r o b i a l   c e l l s   or  h i g h e r  

a n i m a l   c e l l s   and ,   a c c o r d i n g l y ,   i t   may  be  s a i d   t h a t  

g e n e r a l   t e c h n i q u e s   t h e r e o f   h a v e   a l r e a d y   b e e n  

e s t a b l i s h e d .   H o w e v e r ,   w i t h   r e s p e c t   to   t he   t e c h n o l o g y  

and  m e t h o d   of  e c o n o m i c a l   p r o d u c t i o n   of  e a c h   i n d i v i d u a l  

p o l y p e p t i d e ,   t h e r e   s t i l l   r e m a i n s   room  f o r   i m p r o v e m e n t .  

In  p r o d u c i n g   a  c e r t a i n   u s e f u l   p o l y p e p t i d e   b y  

u t i l i z i n g   rDNA  t e c h n o l o g y ,   v a r i o u s   f a c t o r s   e x e r t  

i n f l u e n c e s   on  t h e   p r o d u c t i v i t y .   I t   i s   known  t h a t ,  

among  t h e   f a c t o r s   t he   p r o m o t e r   i n v o l v e d   in  t h e  

p r o m o t i o n   of  t r a n s c r i p t i o n   of  an  e x o g e n e o u s   gene   c o d i n g  



f o r   the   u s e f u l   p o l y p e p t i d e   as  i n s e r t e d   and  t h e  

s o - c a l l e d   S h i n e - D a l g a r n o   s e q u e n c e   (SD  s e q u e n c e )  

i n v o l v e d   in  c o m p l e m e n t a r y   b i n d i n g   of  mRNA  to  t h e  

3 ' - t e r m i n a l   s e q u e n c e   of  16S  r i b o s o m e   RNA  have  a  g r e a t  

i n f l u e n c e   on  t h e   p r o d u c t i o n   of  s a i d   u s e f u l   p e p t i d e .  

H o w e v e r ,   t h e r e   i s   no  r u l e   e s t a b l i s h e d   b e t w e e n   t h e  

p r o m o t e r   r e g i o n   or  SD  s e q u e n c e   and  t h e   p r o d u c t i v i t y   o f  

e a c h   i n d i v i d u a l   p o l y p e p t i d e .   T h u s ,   f o r   i n s t a n c e ,   t h e  

f a c t   t h a t   a  c e r t a i n   p r o m o t e r   or   SD  s e q u e n c e   c a u s e s   h i g h  

e x p r e s s i o n   of   a  c e r t a i n   h e t e r o l o g o u s   gene   does   n o t  

a l w a y s   mean  t h a t   i t   a l s o   a l l o w s   h i g h   e x p r e s s i o n   o f  

a n o t h e r   h e t e r o l o g o u s   g e n e .  

W h e r e a s   t h e   p r e s e n c e   of  a  3 ' - t e r m i n a l   u n t r a n s l a t e d  

r e g i o n   of   s a i d   gene   i s   a l s o   a  f a c t o r   b r i n g i n g   a b o u t  

h i g h   e x p r e s s i o n   of  an  e x o g e n e o u s   g e n e   and  i s   i m p o r t a n t  

e s p e c i a l l y   f o r   t h e   e x p r e s s i o n   of   a  h e t e r o l o g o u s   g e n e   i n  

e u k a r y o t i c   c e l l s ,   m e n t i o n   t h e r e o f   i s   n o t   made  h e r e i n  

b e c a u s e   t h e   i n v e n t i o n   has  no  d i r e c t   r e l a t i o n   t h e r e t o .  

I t   is   a l s o   known  t h a t   some  h o s t   c e l l s   a r e   s u i t e d   f o r  

t he   e x p r e s s i o n   of  an  o b j e c t i v e   g e n e   b u t   o t h e r s   a r e   n o t  

s u i t e d .   No  f u r t h e r   m e n t i o n   i s   made  i n  t h a t   r e s p e c t ,  

e i t h e r .  

For  t h e   e x p r e s s i o n   of  an  i n s e r t e d   h e t e r o l o g o u s  

g e n e ,   v a r i o u s   p r o m o t e r s   a r e   u s e d   d e p e n d i n g   on  t he   h o s t  

c e l l s .  

When  t h e   h o s t   i s   E s c h e r i c h i a   c o l i ,   f o r   i n s t a n c e ,  

use   is   made  of   t h e   E s c h e r i c h i a   c o l i   t r y p t o p h a n  



s y n t h e s i s   gene   p r o m o t e r ,   β - g a l a c t o s i d a s e   g e n e   p r o m o t e r ,  

β - l a c t a m a s e   g e n e   p r o m o t e r ,   a l k a l i n e   p h o s p h a t a s e   g e n e  

p r o m o t e r   and  l i p o p r o t e i n   p r o m o t e r   and  t he   l a m b d a   (A) 

p h a g e   PL  p r o m o t e r ,   among  o t h e r s .   R o u g h l y   s p e a k i n g ,  

h e t e r o l o g o u s   p o l y p e p t i d e s   a r e   p r o d u c e d   by  two  m e t h o d s .  

In  t h e   f i r s t   m e t h o d ,   an  o b j e c t i v e   p e p t i d e   i s   p r o d u c e d  

as  a  h y b r i d   p r o t e i n   w i t h   a  c e r t a i n   p r o t e i n   w h i l e ,   i n  

t h e   s e c o n d   m e t h o d ,   t h e   o b j e c t i v e   p o l y p e p t i d e   i s  

p r o d u c e d   d i r e c t l y ,   w i t h   a  m e t h i o n i n e   r e s i d u e   a d d e d   t o  

t h e   N - t e r m i n u s   in   some  c a s e s .   T h u s ,   f o r   i n s t a n c e ,   a  

h y b r i d   p r o t e i n   f rom  an  o b j e c t i v e   p e p t i d e   and  a  c e r t a i n  

p r o t e i n   c o n n e c t e d   w i t h   e a c h   o t h e r   t h r o u g h   m e t h i o n i n e   i s  

p r o d u c e d   and  t h e n   t r e a t e d   w i t h   c y a n o g e n   b r o m i d e   (CNBr)  

f o r   c l e a v i n g   t h e   m e t h i o n i n e   r e s i d u e ,   and  t h e   r e s u l t i n g  

o b j e c t i v e   p e p t i d e   i s   i s o l a t e d .   In  t h a t   c a s e ,   use   o f  

t he   8 - g a l a c t o s i d a s e   gene   p r o m o t e r   f o r   p r o d u c i n g   a n  

o b j e c t i v e   p e p t i d e   as  a  h y g r i d   p r o t e i n   w i t h   a l k a l i n e  

p h o s p h a t a s e   p r o t e i n   i s   f a v o r a b l e   in  r e s p e c t   o f  

p r o d u c t i v i t y   of   t h e   o b j e c t i v e   p e p t i d e   and  p u r i f i c a t i o n  

t h e r e o f   ( J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  1 0 7 , 4 7 4 / 1 9 8 2 ) .  

For   p r o d u c i n g   p o l y p e p t i d e s ,   s u c h   as  i n t e r f e r o n s ,   b y  

d i r e c t   e x p r e s s i o n ,   t h e r e   a r e   u s e d ,   f o r   e x a m p l e ,   t h e  

t r y p t o p h a n   gene   p r o m o t e r ,   β - g a l a c t o s i d a s e   gene   p r o m o t e r  



and  A  p h a g e   PL  p r o m o t e r   ( c f . ,   f o r   e x a m p l e ,   P.W.  Gray  e t  

a l . ,   N a t u r e ,   295:  503,   1982 ;   D.  G o e d d e l   e t   a l . ,   N a t u r e ,  

287:  411,   1980;   T.  T a n i g u c h i   e t   a l . ,   P r o c .   N a t l .   A c a d .  

S c i . ,   77:  5230 ,   1980;   R.  D e r y n c k   e t   a l . ,   N a t u r e ,   2 8 7 :  

193,  1 9 8 0 ) .  

On  t h e   o t h e r   h a n d ,   one   of   t h e   f a c t o r s   r e q u i r e d   f o r  

e f f i c i e n t   p r o d u c t i o n   of  a  h e t e r o l o g o u s   p o l y p e p t i d e   i n  

E s c h e r i c h i a   c o l i   i s   t h e   SD  s e q u e n c e   w h i c h   i s   u p s t r e a m  

from  t h e   t r a n s l a t i o n   i n i t i a t i o n   c o d o n   (ATG).  T h e  

c o m p l e m e n t a r i t y   of  t h i s   SD  s e q u e n c e   and  the   3 1 - t e r m i n a l  

s e q u e n c e   of   16S  r i b o s o m e   RNA,  t h e   d i s t a n c e   b e t w e e n   t h e  

SD  s e q u e n c e   and  t r a n s l a t i o n   s t a r t   c o d o n ,   and  t h e  

s e c o n d a r y   s t r u c t u r e   of  mRNA,  a t   and  a r o u n d   t h e   t r a n s l a t i o n  

s t a r t p o i n t ,   among  o t h e r s ,   a r e   s u p p o s e d   to  c o n t r i b u t e   t o  

e f f i c i e n t   i n i t i a t i o n   of   t r a n s l a t i o n .   I t   i s   t h e r e f o r e  

p r e s u m a b l e   t h a t   t he   p r o d u c t i v i t y   of   t h e   p o l y p e p t i d e   t o  

be  p r o d u c e d   d e p e n d s   on  t h e   a m i n o   a c i d   s e q u e n c e   of  t h a t  

p o r t i o n   of  s a i d   p e p t i d e   w h i c h   i s   c l o s e   to   t he   N - t e r m i n u s ,  

o r ,   in  o t h e r   w o r d s ,   t h e   DNA  s e q u e n c e   c o r r e s p o n d i n g   t o  

s a i d   p o r t i o n .  

P a y i n g   t h e i r   a t t e n t i o n   to   t h e   above   p o i n t s ,   t h e  

p r e s e n t   i n v e n t o r s   m o d i f i e d   t h e   n u c l e o t i d e   s e q u e n c e   o f  

the   5 1 - t e r m i n a l   u n t r a n s l a t e d   r e g i o n   of  t h e   E s c h e r i c h i a  



c o l i   l i p o p r o t e i n   g e n e   in  v a r i o u s   ways  and  t h e r e b y  

c o n s t r u c t e d   E s c h e r i c h i a   c o l i   p l a s m i d s   i n t o   w h i c h  

e x o g e n e o u s   g e n e s   can   be  i n s e r t e d   f o r   v e r y   e f f i c i e n t  

e x p r e s s i o n   t h e r e o f   and  w h i c h   a l l o w   e f f i c i e n t   p r o d u c t i o n  

of  o b j e c t i v e   p o l y p e p t i d e s   in  s u b s t a n t i a l l y   c o m p l e t e  

f o r m ,   and  h a v e   now  c o m p l e t e d   the   p r e s e n t   i n v e n t i o n .  

F u r t h e r m o r e ,   t h e   u se   of   t he   p l a s m i d   v e c t o r s   a c c o r d i n g  

to  t h e   i n v e n t i o n   l e d   to   e f f i c i e n t   p r o d u c t i o n   of  a  

p o l y p e p t i d e   h a v i n g   t h e   amino   a c i d   s e q u e n c e   of  h u m a n  

immune  i n t e r f e r o n   ( h e r e i n a f t e r   a b b r e v i a t e d   as  h I N F - y ) ,  

w h e r e b y   c u l t u r e   c o m p o s i t i o n s   c o n t a i n i n g   s a i d  

p o l y p e p t i d e   in  h i g h   c o n c e n t r a t i o n s   c o u l d   be  o b t a i n e d .  

T h u s ,   t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   E s c h e r i c h i a  

c o l i   p l a s m i d   v e c t o r s   c h a r a c t e r i z e d   in  t h a t   t h e y   have   a  

5 ' - t e r m i n a l   u n t r a n s l a t e d   r e g i o n   ( i n c l u s i v e   of  t h e  

p r o m o t e r   r e g i o n   and  S h i n e - D a l g a r n o   s e q u e n c e )   of  t h e  

E s c h e r i c h i a   c o l i   l i p o p r o t e i n   g e n e ,   w h i c h   r e g i o n   i s  

i m p r o v e d   to  t h e r e b y   e n a b l e   d i r e c t   p r o d u c t i o n   of  u s e f u l  

p o l y p e p t i d e s   in  s u b s t a n t i a l l y   c o m p l e t e   f o r m .  

The  E s c h e r i c h i a   c o l i   l i p o p r o t e i n   i s   a  p r o t e i n  

w h i c h   c o n s t i t u t e s   t h e   o u t e r m e m b r a n e   of  E s c h e r i c h i a  

c o l i ,   t he   c o n t e n t   b e i n g   4 .8  x  1 0 5  m o l e c u l e s   p e r   c e l l  

( B a c t e r i a l   O u t e r m e m b r a n e ,   B i o g e n e s i s   and  F u n c t i o n s ,  



e d i t e d   by  M a s a y o r i   I n o u y e ,   p a g e   8,  W i l e y - I n t e r s c i e n c e  

P u b l i c a t i o n ,   T o r o n t o ,   1 9 7 9 ) .   I t   i s   a l s o   known  t h a t   t h e  

c o r r e s p o n d i n g   l i p o p r o t e i n   g e n e   has   a  p r o m o t e r   p o t e n t  

in  t r a n s c r i p t i o n   a c t i v i t y .  

The  gene   c o v e r i n g   t h e   l i p o p r o t e i n   p r o m o t e r   r e g i o n  

( 5 1 - t e r m i n a l   u n t r a n s l a t e d   r e g i o n )   to  t h e   s t r u c t u r a l  

g e n e   f o r   s a i d   p r o t e i n   has   a l r e a d y   been   c l o n e d   in  p B R 3 2 2  

and  a  s e r i e s   of  p l a s m i d s   m o d i f i e d   to  t h e r e b y   e n a b l e  

e x p r e s s i o n   of  e x o g e n e o u s   g e n e s   i n s e r t e d   t h e r e i n   h a v e  

b e e n   c o n s t r u c t e d   ( c f .   K a g a k u   to   S e i b u t s u ,   20,   No.  1 ,  

4 7 - 5 8 ,   1 9 8 2 ) .   A  p a t e n t   s p e c i f i c a t i o n   l a i d   o p e n  

d i s c l o s e s   h e t e r o l o g o u s   p o l y p e p t i d e   p r o d u c t i o n   u s i n g   t h e  

a b o v e   p r o m o t e r   r e g i o n   ( J a p a n e s e   Koka i   Tokkyo   Koho  N o .  

1 4 0 , 8 0 0 / 1 9 8 2 ) .  

. H o w e v e r ,   t h e   c l o n i n g   v e c t o r   d i s c l o s e d   in   t h e   a b o v e  

has   s e r i o u s   d r a w b a c k s ,   s u c h   as  m e n t i o n e d   b e l o w .   T h e  

c l o n i n g   s i t e   ( s i t e   f o r   i n s e r t i o n   of  e x o g e n e o u s  

p o l y p e p t i d e - e n c o d i n g   g e n e s ;   in  s a i d   v e c t o r ,   t h e   E c o R I  

c l e a v a g e   s i t e )   of  s a i d   v e c t o r   i s   10-11   b a s e s   d o w n s t r e a m  

f rom  t h e   t r a n s l a t i o n   s t a r t p o i n t   and  t h e r e f o r e   t h e  

d e s i r e d   p r o d u c t   p o l y p e p t i d e s   h a v e ,   on  t h e   N - t e r m i n u s  

s i d e   t h e r e o f ,   an  e x t r a   p e p t i d e   a d d e d   t h e r e t o .   T h i s  

o f f e r s   a  p r o b l e m   of  a n t i g e n i c i t y   upon  a d m i n i s t r a t i o n   t o  



t h e   human  b o d y ,   e v e n   i f   t he   p r o d u c t   p o l y p e p t i d e s   a r e  

p h y s i o l o g i c a l l y   a c t i v e .   Such  p o l y p e p t i d e s   a r e   n e v e r  

p r e f e r r e d   s i n c e   t h e y   h a v e   a  s t r u c t u r e   d i f f e r e n t   f r o m  

t h e   o r i g i n a l   o n e .  

In  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n ,   n o v e l   h i g h  

e x p r e s s i o n   v e c t o r s   f r e e   of  t h e   d r a w b a c k s   t h a t   t h e   a b o v e  

known  v e c t o r   has   a r e   c o n s t r u c t e d   t h r o u g h   m o d i f i c a t i o n  

of  t h e   SD  s e q u e n c e   of   t h e   l i p o p r o t e i n   g e n e ,  

m o d i f i c a t i o n   of  t h e   d i s t a n c e   b e t w e e n   t h e   SD  s e q u e n c e  

and  t r a n s l a t i o n   s t a r t p o i n t   and  i n s e r t i o n   of   t h e   c l o n i n g  

s i t e   a t   a  new  s i t e ,   among  o t h e r s .   T y p i c a l   e x a m p l e s  

h a v e   p r o v e d   t h e i r   u t i l i t y .  

H e r e i n b e l o w ,   t h e   p l a s m i d   v e c t o r s   a c c o r d i n g   to   t h e  

i n v e n t i o n   and  u s e   t h e r e o f   a r e   d e s c r i b e d   in  more  d e t a i l .  

The  b a s e   s e q u e n c e   i n c l u d i n g   t h e   E s c h e r i c h i a   c o l i  

l i p o p r o t e i n   p r o m o t e r   r e g i o n   and  p a r t   ( u p s t r e a m   p o r t i o n )  

of   t h e   s t r u c t u r a l   g e n e   f o r   s a i d   p r o t e i n   on  p I N I A 2 ,  

w h i c h   i s   one  of  t h e   p l a s m i d s   r e c o n s t r u c t e d   to   t h e r e b y  

e n a b l e   e x p r e s s i o n   of   e x o g e n e o u s   g e n e s ,   i s   shown  in  F i g .  

1.  T h i s   p l a s m i d   h a s   d r a w b a c k s   s u c h   as  m e n t i o n e d   a b o v e ,  

s i n c e   t h e   c l o n i n g   s i t e   (EcoRI   in  F i g .   1)  f o r   i n s e r t i o n  

of  e x o g e n e o u s   g e n e s   to   be  e x p r e s s e d   i s   in  t h e  

l i p o p r o t e i n   s t r u c t u r a l   gene   ( in   t h e   DNA  s e q u e n c e   c o d i n g  



f o r   t h e   s i g n a l   p e p t i d e ) .   The  b a s e   s e q u e n c e   f rom  t h e  

p r o m o t e r   r e g i o n   to   an  u p s t r e a m   p o r t i o n   of  t h e  

s t r u c t u r a l   gene   ( to  t h e   EcoRI   c l e a v a g e   s i t e )   as  s h o w n  

in  F i g .   1  i s   i d e n t i c a l   w i t h   t h a t   of  one  of  t h e  

e x p r e s s i o n   v e c t o r s   d i s c l o s e d   in   t he   a b o v e - c i t e d  

J a p a n e s e   Koka i   Tokkyo   Koho  No.  1 4 0 , 8 0 0 / 1 9 8 2 .  

A c c o r d i n g l y ,   f o r   a v o i d i n g   e x t r a   p e p t i d e   a d d i t i o n  

to   t h e   N - t e r m i n u s   of  d e s i r e d   h e t e r o l o g o u s   p o l y p e p t i d e s ,  

t h e   p r e s e n t   i n v e n t o r s   r e p l a c e d   t h e   X b a I - E c o R I   f r a g m e n t  

shown  in   F i g .   1  w i t h   a  c h e m i c a l l y   s y n t h e s i z e d  

o l i g o n u c l e o t i d e   f r a g m e n t   ( h a v i n g   XbaI  and  E c o R I  

c o h e s i v e   e n d s   a t   t h e   r e s p e c t i v e   ends   and  c o n t a i n i n g   t h e  

SD  s e q u e n c e ) ,   f o l l o w e d   by  c o n n e c t i o n   of  t h e   gene   c o d i n g  

f o r   a  d e s i r e d   u s e f u l   p o l y p e p t i d e   ( f o r   e x a m p l e ,  

p o l y p e p t i d e   h a v i n g   t h e   a m i n o   a c i d   s e q u e n c e   of  h I F N - y )  

d o w n s t r e a m   f rom  s a i d   EcoRI   s i t e .   The  t h u s - c o n s t r u c t e d  

p l a s m i d   p I N 4 G I F 5 4   was  u s e d   f o r   t r a n s f o r m a t i o n   o f  

E s c h e r i c h i a   c o l i .   The  t r a n s f o r m a n t   ( W 3 1 1 0 / p I N 4 G I F 5 4 ) ,  

u n d e r   t h e   c o n t r o l   of  t h e   l i p o p r o t e i n   g e n e  

p r o m o t e r ,   c o u l d   p r o d u c e   h I F N - y   w i t h o u t   any  e x t r a  

p e p t i d e   a d d e d   to   t h e   N - t e r m i n u s   t h e r e o f .  

In  t h e   above   e x p l a n a t i o n ,   h IFN-y   has   b e e n   g i v e n   a s  

an  e x a m p l e   of   t he   h e t e r o l o g o u s   u s e f u l   p o l y p e p t i d e   f o r  



b e t t e r   u n d e r s t a n d i n g .   I t   i s   o b v i o u s   t h a t   t he   a b o v e  

p r i n c i p l e   can  a l s o   be  a p p l i e d   to  t h e   p r o d u c t i o n   o f  

o t h e r   p o l y p e p t i d e s .  

F i g .   2  s c h e m a t i c a l l y   i l l u s t r a t e s   t h e   c o n s t r u c t i o n  

of  p I N 4 G I F 5 4 .   In  t h e   f i g u r e ,   pGIF54  i s   e s s e n t i a l l y   t h e  

same  p l a s m i d   as  pGIF4  d i s c l o s e d   in  J a p a n e s e   P a t e n t  

A p p l i c a t i o n   No.  8 6 , 1 8 0 / 1 9 8 2 .   An  E s c h e r i c h i a   c o l i  

t r a n s f o r m a n t ,   W A 8 0 2 / p G I F 4 ,   o b t a i n e d   by  t r a n s f o r m a t i o n  

w i t h   s a i d   p l a s m i d   c o n t a i n i n g   t h e   c h e m i c a l l y   s y n t h e s i z e d  

gene   c o d i n g   f o r   t h e   a m i n o   a c i d   s e q u e n c e   of   h IFN-y   a s  

shown  in  F i g .   6  has   b e e n   named  SBMG105  and  d e p o s i t e d  

w i t h   t h e   F e r m e n t a t i o n   R e s e a r c h   I n s t i t u t e ,   t he   Agency   o f  

I n d u s t r i a l   S c i e n c e   and  T e c h n o l o g y   [ D e p o s i t   No. :   FERM 

P - 6 5 2 2 ;   I n t e r n a t i o n a l   D e p o s i t   No.  ( u n d e r   t h e   B u d a p e s t  

T r e a t y ) :   FERM  B P - 2 8 2 ] .   The  p l a s m i d   p I N I - A 2   is   a  g i f t  

f rom  Mr.  I n o u e   of  New  York  S t a t e   U n i v e r s i t y .   A  h o s t  

E s c h e r i c h i a   c o l i   s t r a i n   o b t a i n e d   by  t r a n s f o r m a t i o n   w i t h  

s a i d   p l a s m i d   has   b e e n   named  J A 2 2 1 / P I N I A 2   and  d e p o s i t e d  

w i t h   t he   F e r m e n t a t i o n   R e s e a r c h   I n s t i t u t e   u n d e r   D e p o s i t  

No.  FERM  B P - 3 2 0 .  

F i g .   3  i l l u s t r a t e s   t h e   n u c l e o t i d e   s e q u e n c e   f r o m  

t h e   5 1 - t e r m i n a l   u n t r a n s l a t e d   r e g i o n   of  t h e   l i p o p r o t e i n  

gene   as  m o d i f i e d   a c c o r d i n g   to  t h e   i n v e n t i o n   to  a n  



u p s t r e a m   p o r t i o n   of   t h e   h I F N - y   gene   i n s e r t e d .   The  SD 

s e q u e n c e   shown  in  F i g .   3  i s   t h e   same  as  t h a t   of   t h e  

l i p o p r o t e i n   gene   and  t h e   d i s t a n c e   b e t w e e n   t h e   SD 

s e q u e n c e   and  t h e   t r a n s l a t i o n   i n i t i a t i o n   c o d o n   r e m a i n s  

u n a l t e r e d .  

W h i l e   t h e   s t r a i n   of   E s c h e r i c h i a   c o l i   t r a n s f o r m e d  

w i t h   p I N 4 G I F 5 4   c o n s t r u c t e d   in  t h e   m a n n e r   shown  in  F i g .  

2,  W 3 1 1 0 / p I N 4 G I F 5 4 ,   a l s o   p r o d u c e d   h I N F - y   (as  d e s c r i b e d  

l a t e r   in  d e t a i l ) ,   t h e   i n v e n t o r s   a t t e m p t e d   f u r t h e r  

m o d i f i c a t i o n   of   t h e   SD  s e q u e n c e   f o r   i n c r e a s i n g   t h e  

p r o d u c t i v i t y   ( c f .   F i g .   4 ) .   T h u s ,   t h e y   d e s i g n e d   t h e   SD 

s e q u e n c e   o l i g o n u c l e o t i d e   so  as  to   made  i t   c o m p l e m e n t a r y  

to   t h e   3 ' - e n d   s e q u e n c e   of   E s c h e r i c h i a   c o l i   16S  r i b o s o m e  

RNA,  and  c h e m i c a l l y   s y n t h e s i z e d   t he   DNA  f r a g m e n t   s h o w n  

in  F i g .   4,  n a m e l y  

T h e n ,   p I N 5 G I F 5 4   was  c o n s t r u c t e d   by  r e p l a c i n g   t h e  

X b a I - E c o R I   f r a g m e n t   of   p I N 4 G I F 5 4   w i t h   t h e   a b o v e   DNA 

f r a g m e n t .   E s c h e r i c h i a   c o l i   t r a n s f o r m e d   w i t h   t h i s  

p l a s m i d ,   W 3 1 1 0 / p I N 5 G I F 5 4 ,   was  f o u n d   to   p r o d u c e   h I F N - y  

in  an  a m o u n t   4  t i m e s   g r e a t e r   as  c o m p a r e d   w i t h   t h e   c a s e  

of   W 3 1 1 0 / p I N 4 G I F 5 4   ( c f .   T a b l e   2 ) ,   i n d i c a t i n g   t h a t   t h e  



m o d i f i c a t i o n   of   t h e   SD  s e q u e n c e   a c c o r d i n g   to  t h e  

i n v e n t i o n   i s   e f f e c t i v e .   F u r t h e r m o r e ,   c u l t u r e  

c o m p o s i t i o n s   c o n t a i n i n g   h I F N - y   in  h i g h   c o n c e n t r a t i o n s  

c o u l d   be  o b t a i n e d   f rom  t h e   c u l t u r e d   c e l l s   of  s a i d  

f r a n s f o r m a n t .  

In  t he   e x a m p l e   of  t h e   i n v e n t i o n ,   a m p i c i l l i n -  

r e s i s t a n t   g e n e   i s   i n s e r t e d   as  a  d r u g - r e s i s t a n t   g e n e  

i n t o   t he   p l a s m i d   of  t h e   i n v e n t i o n   ( r e f .   F i g . s   2  a n d  

4 ) ,   h o w e v e r ,   t h e   d r u g - r e s i s t a n t   g e n e   i s   no t   l i m i t e d  

to  t h e   e x a m p l e ,   and  o t h e r   known  d r u g - r e s i s t a n t   g e n e s  

may  be  e m p l o y e d .   For   i n s t n c e ,   w e l l - k n o w n   t e t r a c y c l i n e -  

or  k a n a m y c i n - r e s i s t a n t   gene   may  be  u s e d   i n s t e a d   o f  

t h e   a m p i c i l l i n - r e s i s t a n t   gene   w i t h o u t   i n j u r i n g   t h e  

e s s e n c e   of  t h e   i n v e n t i o n .  

The  d r a w i n g s   a r e   b r i e f l y   e x p l a i n e d   as  f o l l o w s ;  

F i g .   I  shows   t h e   b a s e   s e q u e n c e   of   t he   5 ' - t e r m i n a l  

u n t r a n s l a t e d   r e g i o n   of   t h e   E s c h e r i c h i a   c o l i   l i p o p r o t e i n  

g e n e ,   w h i c h   i n c l u d e s   t h e   p r o m o t e r  r e g i o n   and  SD 

s e q u e n c e ,   on  t h e   p l a s m i d   p INIA2  and  p a r t   ( u p s t r e a m  

p o r t i o n )   of  t h e   s t r u c t u r a l   gene   f o r   s a i d   p r o t e i n .  

F i g .   2  s c h e m a t i c a l l y   i l l u s t r a t e s   t h e   c o n s t r u c t i o n   o f  

t he   h I F N - y   gene   e x p r e s s i o n   p l a s m i d   v e c t o r   p I N 4 G I F 4 5 .  

F i g .   3  shows  t h e   b a s e   s e q u e n c e   c o v e r i n g   t he   i m p r o v e d  

5 1 - t e r m i n a l   u n t r a n s l a t e d   r e g i o n   of   t h e   l i p o p r o t e i n   g e n e  

o n   t he   p l a s m i d   p I N 4 G I F 5 4 .   F i g .   4  s c h e m a t i c a l l y  

i l l u s t r a t e s  t h e   c o n s t r u c t i o n   of  t h e   h I F N - y   g e n e  

e x p r e s s i o n   p l a s m i d   v e c t o r   p I N 5 G I F 5 4 .   F i g .   5  shows  t h e  



b a s e   s e q u e n c e   c o v e r i n g   t h e   i m p r o v e d   5 ' - t e r m i n a l  

u n t r a n s l a t e d   r e g i o n   of  t h e   l i p o p r o t e i n   gene   on  t h e  

p l a s m i d   p I N 5 G I F 5 4 .   F i g .   6  shows  t h e   b a s e s   s e q u e n c e   o f  

a  c h e m i c a l l y   s y n t h e s i z e d   h I F N - y   gene   and  t h e  

c o r r e s p o n d i n g   amino   a c i d   s e q u e n c e .   F i g .   7  and  F i g .  

8  s c h e m a t i c a l l y   i l l u s t r a t e   t h e   c o n s t r u c t i o n   of  t h e  

p l a s m i d s   PIN5T4  and  P I N 5 T 5 ,   r e s p e c t i v e l y .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t h e   i n v e n t i o n   i n  

more  d e t a i l .  

E x a m p l e s  

I.   C o n s t r u c t i o n   of  p I N 4 G I F 5 4  

The  p l a s m i d   p I N 4 G I F 5 4   was  c o n s t r u c t e d ,   as  shown  i n  

F i g .   2,  f r om  (1)  DNA  f r a g m e n t   c o n t a i n i n g   t h e  

l i p o p r o t e i n   gene   p r o m o t e r   r e g i o n   ( i n d i c a t e d   by  lpp  i n  

t h e   f i g u r e )   as  o b t a i n e d   by  d i g e s t i o n   of  t he   p l a s m i d  

p INIA2   w i t h   t he   r e s t r i c t i o n   e n z y m e s   XbaI  and  P s t I ,   ( 2 )  

o l i g o n u c l e o t i d e   h a v i n g   XbaI   and  EcoRI  c o h e s i v e   e n d s   a n d  

(3)  DNA  f r a g m e n t   c o n t a i n i n g   t h e   h I N F - y   gene   as  o b t a i n e d  

by  d i g e s t i o n   of  t he   p l a s m i d   pGIF54   w i t h   EcoRI  and  P s t I .  

The  p r o c e d u r e   f o l l o w e d   was  as  d e s c r i b e d   h e r e i n b e l o w .  

The  r e s t r i c t i o n   e n z y m e s   u s e d   were   a l l   p r o d u c t s   o f  

T a k a r a   S h u z o   KK. 

A)  P r e p a r a t i o n   of  X b a I - P s t I   DNA  f r a g m e n t   of   p I N A I 2  

The  p INIA2   DNA  (3  µg)  was  d i g e s t e d   w i t h   15  u n i t s  

e a c h   of  XbaI   and  P s t I   in  150  pl   of  1  X  TA  s o l u t i o n   ( 3 3  



mM  T r i s   a c e t a t e   b u f f e r ,   pH  7 . 6 ,   66  mM  p o t a s s i u m  

a c e t a t e ,   10  mM  m a g n e s i u m   a c e t a t e   and  0 .5   mM 

d i t h i o t h r e i t o l )   a t   37°C  f o r   60  m i n u t e s .   The  r e a c t i o n  

m i x t u r e   was  s u b j e c t e d   to   1.0%  a g a r   g e l   e l e c t r o p h o r e s i s  

and  a  g e l   p o r t i o n   l o c a t e d   a t   t h e   p o s i t i o n   c o r r e s p o n d i n g  

to  a b o u t   980  b . p .   ( b a s e   p a i r s )   was  c u t   o u t   and  p l a c e d  

in  a  d i a l y s i s   t u b e ,   and  t h e   X b a I - P s t I   DNA  f r a g m e n t   w a s  

e l u t e d   by  e l e c t r o p h o r e s i s .   A f t e r   r e m o v a l   of   e t h i d i u m  

b r o m i d e   f rom  t h e   e l u a t e   by  a d d i n g   an  e q u a l   a m o u n t   o f  

p h e n o l   t h e r e t o ,   2 .5   v o l u m e s   of  e t h a n o l   was  a d d e d .  

A f t e r   s t a n d i n g   a t   - 8 0 ° C   f o r   30  m i n u t e s ,   t h e   m i x t u r e   w a s  

c e n t r i f u g e d   a t   1 0 , 0 0 0   rpm  f o r   10  m i n u t e s ,   w h e r e b y   t h e  

DNA  f r a g m e n t   was  o b t a i n e d   as  an  e t h a n o l   p r e c i p i t a t e .  

To  t h i s   e t h a n o l   p r e c i p i t a t e   was  a d d e d   10  µl  o f  

d i s t i l l e d   w a t e r   f o r   d i s s o l v i n g   t h e   DNA  f r a g m e n t .  

B)  P r e p a r a t i o n   of   E c o R I - P s t I   DNA  f r a g m e n t   of  p G I F 5 4 .  

The  pGIF54  DNA  (3  µg)  was  d i g e s t e d   w i t h   15  u n i t s  

e a c h   of  EcoRI  and  P s t I   in  30  µl  of   1  X  TA  s o l u t i o n   a t  

37°C  f o r   60  m i n u t e s ,   f o l l o w e d   by  0.7%  a g a r   g e l  

e l e c t r o p h o r e s i s ,   w h e r e b y   an  E c o R I - P s t I   DNA  f r a g m e n t   o f  

a b o u t   3.4  Kb  was  e l u t e d   f rom  t h e   g e l .   The  e l u a t e   w a s  

s u b j e c t e d   to  p h e n o l   t r e a t m e n t   and  e t h a n o l   p r e c i p i t a t i o n  

in  t he   same  m a n n e r   as  a b o v e .   To  t h e   e t h a n o l  



p r e c i p i t a t e ,   10  pl  of   d i s t i l l e d   w a t e r   was  a d d e d   f o r  

d i s s o l u t i o n   of  t h e   DNA  f r a g m e n t .  

C)  P r e p a r a t i o n   of  o l i g o n u c l e o t i d e   h a v i n g   XbaI   a n d  

EcoRI   c o h e s i v e   e n d s .  

For   t h e   e x p r e s s i o n   of  c o m p l e t e   h I N F - y   p r o t e i n ,   a n  

o l i g o n u c l e o t i d e   h a v i n g   t h e   S h i n e - D a l g a r n o   (SD)  s e q u e n c e  

d o w n s t r e a m   f rom  t h e   XbaI   c l e a v a g e   s i t e   of   p I N I A 2   a n d  

f u r t h e r   h a v i n g   an  EcoRI   c o h e s i v e   end ,   n a m e l y   t h e  

o l i g o n u c l e o t i d e  

XbaI  c o h e s i v e   end  EcoRI  c o h e s i v e   e n d  

was  s y n t h e s i z e d   by  t h e   s o l i d   p h a s e   m e t h o d .   T h e  

s y n t h e t i c   p r o c e d u r e   h a s   b e e n   d i s c l o s e d   in   d e t a i l   i n  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  8 6 , 1 8 0 / 1 9 8 2 .  

The  above   o l i g o n u c l e o t i d e   (100  p i c o m o l e s )   w a s  

p h o s p h o r y l a t e d   a t   t h e   5 ' -OH  in  30  µl  of   a  k i n a s e  

r e a c t i o n   s o l u t i o n   (50  mM  T r i s   h y d r o c h l o r i d e   b u f f e r ,  

pH  8 . 0 ,   10  mM  MgCl2,   10  mM  d i t h i o t h r e i t o l ) ,   w i t h   2 

u n i t s   of  T4  p o l y n u c l e o t i d e   k i n a s e   ( T a k a r a   S h u z o   KK) 

a d d e d ,   a t   37°C  f o r   60  m i n u t e s .  



D)  C o n s t r u c t i o n   of  p I N 4 G I F 5 4  

The  p l a s m i d   p I N 4 G I F 5 4   was  c o n s t r u c t e d   by  l i g a t i o n  

of   t h e   t h r e e   DNA  f r a g m e n t s   p r e p a r e d   above   in  a c c o r d a n c e  

w i t h   t h e   f o l l o w i n g   p r o c e d u r e .   Thus ,   to   a  m i x t u r e   of   5 

pl  of   a  s o l u t i o n   of   t h e   X b a I - P s t I   DNA  f r a g m e n t   o f  

p I N I A 2   ( s o l u t i o n   of  t h e   e t h a n o l   p r e c i p i t a t e   in  10  pl  o f  

d i s t i l l e d   w a t e r ) ,   5  µl  of   a  s o l u t i o n   of  t h e   E c o R I - P s t I  

DNA  f r a g m e n t   of  pGIF54   ( s o l u t i o n   of  the   e t h a n o l  

p r e c i p i t a t e   in  10  µl  of   d i s t i l l e d   w a t e r )   and  3  µl  of   a  

s o l u t i o n   of  t h e   p h o s p h o r y l a t e d   o l i g o n u c l e o t i d e   ( 1 0  

p i c o m o l e s ) ,   t h e r e   w e r e   a d d e d   2  µl  of  a  l i g a t i o n  

r e a c t i o n   medium  1 0 - f o l d   h i g h e r   in  c o n c e n t r a t i o n   (20  mM 

T r i s   h y d r o c h l o r i d e   b u f f e r ,   pH  7 . 6 ,   10  mM  M g C l 2 ) ,   2  p l  

of   4  mM  ATP  and  1  µl   o f   a  s o l u t i o n   of  T4  DNA  l i g a s e  

( B o e h r i n g e r   Mannhe im)   (5  u n i t s ) ,   and  t h e   l i g a t i o n   w a s  

c a r r i e d   o u t   a t   16°C  o v e r n i g h t .  

I I .   T r a n s f o r m a t i o n   of   E s c h e r i c h i a   c o l i  

A)  T r a n s f o r m a t i o n   of   E s c h e r i c h i a   c o l i   WA802 

E s c h e r i c h i a   c o l i   WA802  was  c u l t u r e d   in  2 .0   ml  o f  

L - b r o t h   a t   37°C  o v e r n i g h t ,   0 . 3   ml  of  t h e   c u l t u r e   b r o t h  

was  a d d e d   to  30  ml  of  L - b r o t h ,   and  s h a k e   c u l t u r e   w a s  

p e r f o r m e d   a t   37°C  f o r   2  h o u r s ,   f o l l o w e d   b y  

c e n t r i f u g a t i o n   a t   3 , 0 0 0   rpm  f o r   10  m i n u t e s .   To  t h e  



t h u s - o b t a i n e d   c e l l s   was  a d d e d   10  ml  of   50  mM  C a C l 2  

f o r   s u s p e n d i n g   t h e   c e l l s ,   and  c e n t r i f u g a t i o n   w a s  

c o n d u c t e d   a t   3 , 0 0 0   rpm  f o r   10  m i n u t e s .   To  t h e  

t h u s - o b t a i n e d   c e l l s   was  a d d e d   1 .0   ml  of   50  mM  C a C l 2  

s o l u t i o n ,   and  t h e   m i x t u r e   was  a l l o w e d   to   s t a n d   in  a n  

i c e   b a t h   f o r   60  m i n u t e s .   To  0 .2   ml  of   t h i s   s u s p e n s i o n  

of  C a + + - t r e a t e d   c e l l s   was  a d d e d   10  µl  of  t h e   l i g a t i o n  

r e a c t i o n   m i x t u r e   o b t a i n e d   in  E x a m p l e   I -D  ( c o n t a i n i n g  

t h e   a b o v e - m e n t i o n e d   t h r e e   DNA  f r a g m e n t s   l i g a t e d ) ,   t h e  

m i x t u r e   was  a l l o w e d   to   s t a n d   in  an  i c e   b a t h   f o r   60 

m i n u t e s ,   them  2  ml  of   L - b r o t h   was  a d d e d   and  i n c u b a t i o n  

was  c o n d u c t e d   a t   37°C  f o r   60  m i n u t e s .   The  c u l t u r e  

b r o t h   was  u s e d   f o r   p l a t i n g   a  n u t r i e n t   a g a r   medium  (BBL) 

c o n t a i n i n g   40  u g / m l   of   a m p i c i l l i n .   A f t e r   i n c u b a t i o n   a t  

37°C  o v e r n i g h t ,   a m p i c i l l i n - r e s i s t a n t   t r a n s f o r m a n t s   w e r e  

s e l e c t e d .   One  of   t h e   t r a n s f o r m a n t s   o b t a i n e d   was  u s e d  

f o r   p l a s m i d   DNA  s e p a r a t i o n   t h e r e f r o m   by  t h e  

c o n v e n t i o n a l   m e t h o d   ( c l e a r e d   l y s a t e   m e t h o d ) .   The  b a s e  

s e q u e n c e  o f   t h e   DNA  a t   and  a r o u n d   t h e   X b a I - E c o R I   r e g i o n  

i n s e r t e d   was  d e t e r m i n e d   by  the   M a x a m - G i l b e r t   m e t h o d  

( M e t h o d s   in  E n z y m o l o g y ,   65:  4 9 9 - 5 6 0 ,   1980)   and  i t   w a s  

c o n f i r m e d   t h a t   t h e   DNA  had  t h e   d e s i r e d   DNA  b a s e  

s e q u e n c e .   T h i s   p l a s m i d   was  named  p I N 4 G I F 5 4   and  t h e  



t r a n s f o r m a n t   E s c h e r i c h i a   c o l i   s t r a i n   c a r r y i n g   t he   s a m e  

was  named  W A 8 0 2 / p I N 4 G I F 5 4 .  

The  b a s e   s e q u e n c e   of   p I N 4 G I F 5 4   a t   and  a r o u n d   t h e  

p r o m o t e r   i s   shown  in  F i g .   4.  In  t h i s   p I N 4 G I F 5 4 ,   t h e  

S h i n e - D a l g a r n o   (SD)  s e q u e n c e   i s   t h e   same  as  t h a t   i n  

p I N I A 2   and  t h e   d i s t a n c e   b e t w e e n   t h e   SD  s e q u e n c e   and  t h e  

t r a n s l a t i o n   i n i t i a t i o n   c o d o n   ATG  f o r   h I F N - y   i s   9  b . p . ,  

w h i c h   i s   t h e   same  as  in  p I N I A 2 .   N e v e r t h e l e s s ,   owing   t o  

t h e   EcoRI  c l e a v a g e   s i t e   i n t r o d u c e d   b e t w e e n   t h e   SD 

s e q u e n c e   and  t r a n s l a t i o n   i n i t i a t i o n   c o d o n   ATG, 

m o d i f i c a t i o n   of  t h e   SD  s e q u e n c e   and  of  t h e   d i s t a n c e  

b e t w e e n   t he   SD  s e q u e n c e   and  t r a n s l a t i o n   i n i t i a t i o n  

c o d o n   can  be  made  w i t h   e a s e   and  t h e r e f o r e   t h i s   v e c t o r  

i s   c o n s i d e r e d   to   be  an  a d v a n t a g e o u s   v e c t o r   f o r   use   i n  

c o n s t r u c t i n g   h i g h   e x p r e s s i o n   v e c t o r s   n o t   o n l y   f o r   t h e  

h I F N - y   gene   b u t   a l s o   f o r   o t h e r   g e n e s .  

B)  T r a n s f o r m a t i o n   of  E s c h e r i c h i a   c o l i   W3110  

The  p I N 4 G I F 5 4   p l a s m i d   o b t a i n e d   w a s  u s e d   f o r  

t r a n s f o r m a t i o n   of  E s c h e r i c h i a   c o l i   by  t h e  

a b o v e - m e n t i o n e d   m e t h o d .   A m p i c i l l i n - r e s i s t a n t   s t r a i n s  

we re   i s o l a t e d   and  one  of   t h e   t r a n s f o r m a n t s   was  n a m e d  

W 3 1 1 0 / p I N 4 G I F 5 4 .   T h i s   t r a n s f o r m a n t   was  t e s t e d   f o r  

a n t i v i r a l   a c t i v i t y .  



I I I .   T e s t   of   t r a n s f o r m a n t   W 3 1 1 0 / p I N 4 G I F 5 4   f o r  

a n t i v i r a l   a c t i v i t y  

For  e x a m i n i n g   t h e   a m o u n t   of  h I F N - y   e x p r e s s e d ,  

W 3 1 1 0 / p I N 4 G I F 5 4   a n d ,   f o r   c o m p a r i s o n ,   W 3 1 1 0 / p G I F 5 4  

( e s s e n t i a l l y   t h e   same  s t r a i n   as  t h e   t r a n s f o r m a n t  

d i s c l o s e d   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   N o .  

8 6 , 1 8 0 / 1 9 8 2   and   d e p o s i t e d   w i t h   t h e   F e r m e n t a t i o n  

R e s e a r c h   I n s t i t u t e   u n d e r   D e p o s i t   No.  6 5 2 2 )   w e r e  

c u l t i v a t e d   in  t he   m a n n e r   m e n t i o n e d   b e l o w   and  t h e  

c u l t u r e   s u p e r n a t a n t s   were   a s s a y e d   f o r   a n t i v i r a l  

a c t i v i t y .   The  h o s t   s t r a i n   W3110  was  u s e d   as  a  c o n t r o l .  

The  s t r a i n s   W 3 1 1 0 / p I N 4 G I F 5 4   and  W3110  w e r e  

c u l t i v a t e d   in  2 .0   ml  of   L - b r o t h   c o n t a i n i n g   40  µ g / m l   o f  

a m p i c i l l i n   a t   37°C  o v e r n i g h t ,   0 .1   ml  of  t h e   c u l t u r e  

b r o t h   was  u s e d   f o r   i n o c u l a t i o n   of  5  ml  of  L - b r o t h ,   a n d  

i n c u b a t i o n   was  p e r f o r m e d   a t   37°C  f o r   4  h o u r s .   W i t h  

W 3 1 1 0 / p G I F 5 4 ,   0 .1   ml  of  a  p r e c u l t u r e   b r o t h   was  u s e d   f o r  

i n o c u l a t i o n   of   5  ml  of  t h e   same  L - b r o t h   as  a b o v e ,  

i n c u b a t i o n   was  c o n d u c t e d   a t   37°C  f o r  2   h o u r s ,   t h e n  

i s o p r o p y l - a - D - t h i o g a l a c t o p y r a n o s i d e   ( h e r e i n a f t e r  

a b b r e v i a t e d   as  IPTG)  was  a d d e d   in  a  f i n a l   c o n c e n t r a t i o n  

of   1  mM  and  t h e   i n c u b a t i o n   was  c o n t i n u e d   f o r   f u r t h e r   2 

h o u r s .  



C e l l s   w e r e   h a r v e s t e d   by  c e n t r i f u g i n g   4  ml  of  e a c h  

c u l t u r e   b r o t h   a t   3 , 0 0 0   rpm  f o r   15  m i n u t e s .   To  t h e  

c e l l s   o b t a i n e d ,   t h e r e   was  a d d e d   200  µl  of  0 . 1 5   M  s o d i u m  

p h o s p h a t e   b u f f e r ,   50  mM  NaCl ,   pH  7 . 2 ,   c o n t a i n i n g   1 

mg/ml  of  l y s o z y m e   ( S i g m a ,   USA)  ( h e r e i n a f t e r   a b b r e v i a t e d  

as  1  X  PBS) .   The  m i x t u r e   was  a l l o w e d   to   s t a n d   on  a n  

i c e   b a t h   f o r   30  m i n u t e s   to   t h e r e b y   e f f e c t  

b a c t e r i o l y s i s .   T h e r e a f t e r ,   t h e   l y s a t e   was  f r o z e n  

q u i c k l y   w i t h   d r y   i c e - m e t h a n o l   and  t h e n   t h a w e d   q u i c k l y  

in  a  c o n s t a n t - t e m p e r a t u r e   b a t h   m a i n t a i n e d   a t   3 7 ° C .  

A f t e r   d i s i n t e g r a t i o n   of   t h e   c e l l s   by  t h r e e   r e p e t i t i o n s  

of  s u c h   f r e e z i n g   and  t h a w i n g   t r e a t m e n t ,   t h e   l y s a t e   w a s  

c e n t r i f u g e d   a t   1 0 , 0 0 0   rpm  f o r   10  m i n u t e s ,   and  t h e  

s u p e r n a t a n t   was  a s s a y e d   f o r   a n t i v i r a l   a c t i v i t y   by  t h e  

m e t h o d   d e s c r i b e d   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n   N o .  

8 6 , 1 8 0 / 1 9 8 2 .  

The  r e s u l t s   t h u s   o b t a i n e d   a r e   shown  in   T a b l e   1 .  



The  a n t i v i r a l   a c t i v i t y   was  c o m p l e t e l y   l o s t   a t   pH  2 .  

N e u t r a l i z a t i o n   w i t h   a  h I F N - y - s p e c i f i c   a n t i b o d y   a l s o  

r e s u l t e d   in  c o m p l e t e   i n a c t i v a t i o n ,   w h e r e a s   a n t i b o d i e s  

s p e c i f i c   to  a - t y p e   and  a - t y p e   i n t e r f e r o n s   p r a c t i c a l l y  

f a i l e d   to   c a u s e   i n a c t i v a t i o n .  

As  s e e n   in  T a b l e   1,  W 3 1 1 0 / p I N 4 G I F 5 4   s h o w e d   2 . 5  

t i m e s   h i g h e r   a n t i v i r a l   a c t i v i t y   as  c o m p a r e d   w i t h  

W 3 1 1 0 / p G I F 5 4 .   H o w e v e r ,   t he   d e g r e e   of   e x p r e s s i o n   c a n n o t  

y e t   be  s a i d   to   be  s a t i s f a c t o r y .   T h e r e f o r e ,   t h e  

l i p o p r o t e i n   SD  s e q u e n c e   was  m o d i f i e d .   The  l i p o p r o t e i n  

SD  s e q u e n c e   i s   GAGG  (4  bp)  and  t h i s   s e q u e n c e   i s  

c o m p l e m e n t a r y   to   t h e   s e q u e n c e   CUCC  ( i n d i c a t e d   b e l o w   b y  

)   of  t h e   3 ' - t e r m i n a l   3'AUUCCUCCAG5'  o f  

E s c h e r i c h i a   c o l i   16S  r i b o s o m e   RNA. 

The  i n v e n t o r s   e x p e c t e d   t h a t   c o n v e r s i o n   of   t h e  

l i p o p r o t e i n   SD  s e q u e n c e   c o m p l e m e n t a r y   to   s a i d   1 6 S  

r i b o s o m e   RNA  to   AGGAGGT  w h i c h   i s   u s e d   in  t h e   R17A  o r  

MS2A  p r o t e i n   SD  s e q u e n c e   m i g h t   r e s u l t   in  an  i n c r e a s e   i n  

c o m p l e m e n t a r i t y   w i t h   16S  r i b o s o m e   RNA,  h e n c e   i n  

t r a n s l a t i o n   a c t i v i t y ,   so  t h a t   t h e   e x p r e s s i o n   of  t h e  

h I F N - y   p r o t e i n   c o u l d   be  i n c r e a s e d .  

T h e r e f o r e ,   t h e y   a t t e m p t e d   to   i n s e r t   t h e   SD 

s e q u e n c e   AGGAGGT  b e t w e e n   t he   X b a I - E c o R I   s i t e s   of  t h e  



p l a s m i d   p I N 4 G I F 5 4 .   For   t h a t   p u r p o s e ,   a n  

o l i g o n u c l e o t i d e   h a v i n g   t h e   a b o v e   s e q u e n c e   as  w e l l   a s  

XbaI  and  EcoRI  c o h e s i v e   e n d s   a t   t he   5 ' - e n d s ,   n a m e l y  

and  t h i s   was  i n s e r t e d   b e t w e e n   X b a I - E c o R I   of  p I N 4 G I F 5 4 ,  

w h e r e b y   t h e   p l a s m i d   p I N 5 G I F 5 4   was  c o n s t r u c t e d   ( c f .  

F i g .   4 ) .  

THe  f o l l o w i n g   a r e   t h e   d e t a i l s .  

IV.  C o n s t r u c t i o n   of  p I N 5 G I F 5 4   p l a s m i d   ( c f .   F i g .   4)  

A)  P r e p a r a t i o n   of  o l i g o n u c l e o t i d e   h a v i n g   XbaI  a n d  

EcoRI   c o h e s i v e   e n d s  

The  o l i g o n u c l e o t i d e   h a v i n g   t h e   SD  s e q u e n c e   AGGAGGT 

and  XbaI   and  EcoRI   c o h e s i v e   e n d s   a t   t h e   5 1 - e n d s ,   n a m e l y  

was  s y n t h e s i z e d   by  t h e   s o l i d   p h a s e   m e t h o d   m e n t i o n e d  

a b o v e   ( c f .   J a p a n e s e   P a t e n t   A p p l i c a t i o n   N o .  

8 6 , 1 8 0 / 1 9 8 2 ) .   The  a b o v e   o l i g o n u c l e o t i d e   ( 1 0 0  

p i c o m o l e s )   was  p h o s p h o r y l a t e d   a t   t h e   5 ' - O H ,   a t   37°C  f o r  

60  m i n u t e s ,   in  50  µl  of  t h e   k i n a s e   r e a c t i o n   s o l u t i o n  

( d e t a i l e d l y   d e s c r i b e d   in  E x a m p l e   I -C)   w i t h   2  u n i t s   o f  



T4  p o l y n u c l e o t i d e   k i n a s e   ( T a k a r a   Shuzo)   a d d e d ,   a s  

m e n t i o n e d   a b o v e .  

B)  P r e p a r a t i o n   of  X b a I - E c o R I   DNA  f r a g m e n t   of  p I N 4 G I F 5 4  

p I N 4 G I F 5 4   ( 2 . 5   µg)  was  d i g e s t e d   w i t h   5  u n i t s   e a c h  

of  XbaI  and  EcoRI  in  30  µl  of   1  X  TA  s o l u t i o n   a t   3 7 ° C  

f o r   60  m i n u t e s   f o r   c l e a v i n g   t h e   DNA.  A f t e r   c l e a v a g e ,  

0.7%  a g a r   g e l   e l e c t r o p h o r e s i s   was  c a r r i e d   o u t   and  a n  

X b a I - E c o R I   DNA  f r a g m e n t   of  a b o u t   4 .3   Kb  (SD  s e q u e n c e -  

f r e e   l o n g e r   f r a g m e n t )   was  e l u t e d   f rom  t h e   g e l   b y  

e l e c t r o p h o r e s i s   as  m e n t i o n e d   a b o v e .   The  e l u a t e   w a s  

s u b j e c t e d   to   p h e n o l   t r e a t m e n t   and  e t h a n o l   p r e c i p i t a t i o n  

as  m e n t i o n e d   a b o v e   and ,   to   t h e   e t h a n o l   p r e c i p i t a t e ,   1 0  

µl  of  d i s t i l l e d   w a t e r   was  a d d e d   f o r   d i s s o l u t i o n   of   t h e  

DNA  f r a g m e n t .  

C)  C o n s t r u c t i o n   of  p I N 5 G I F 5 4  

The  p l a s m i d   p I N 5 G I F 5 4   was  c o n s t r u c t e d   by  l i g a t i n g  

t h e   a b o v e   two  DNA  f r a g m e n t s   in  t h e   f o l l o w i n g   m a n n e r .  

T h u s ,   to   5  µl  a  s o l u t i o n   of  t h e   p h o s p h o r y l a t e d  

o l i g o n u c l e o t i d e   (10  p i c o m o l e s ) ,   t h e r e   were   a d d e d   3  µ l  

of  t h e   l i g a t i o n   r e a c t i o n   s o l u t i o n   1 0 - f o l d   i n  

c o n c e n t r a t i o n   ( m e n t i o n e d   h e r e i n b e f o r e ) ,   10  µl   of   100  mM 

DTT  and  4  mM  ATP  in  d i s t i l l e d   w a t e r ,   and  1  µl  (5  u n i t s )  



of  T4  DNA  l i g a s e   ( B o e h r i n g e r   M a n n h e i m ) .   The  m i x t u r e  

was  i n c u b a t e d   a t   16°C  o v e r n i g h t .  

V.  T r a n s f o r m a t i o n   of  E s c h e r i c h i a   c o l i  

A)  T r a n s f o r m a t i o n   of  E s c h e r i c h i a   c o l i   WA802 

In  t h e   same  m a n n e r   as  a b o v e   ( E x a m p l e   I I - A ) ,   c e l l s  

of  E s c h e r i c h i a   c o l i   WA802  as  g rown  in  L - b r o t h   w e r e  

t r e a t e d   w i t h   C a C l 2 ,   and  0 .2   ml  of  c e l l   s u s p e n s i o n   w a s  

m i x e d   w i t h   t h e   l i g a t i o n   r e a c t i o n   m i x t u r e   o b t a i n e d   i n  

E x a m p l e   IV-C  f o r   e f f e c t i n g   t r a n s f o r m a t i o n  o f  

E s c h e r i c h i a  c o l i   WA802.  T r a n s f o r m a n t   s e l e c t i o n   w a s  

c o n d u c t e d   u s i n g   a  n u t r i e n t   a g a r   medium  (BBL)  c o n t a i n i n g  

40  p g / m l   of  a m p i c i l l i n .   U s i n g   one  of   t he   t r a n s f o r m a n t  

s t r a i n s   t h u s   o b t a i n e d ,   p l a s m i d   s e p a r a t i o n   was  p e r f o r m e d  

by  t he   c o n v e n t i o n a l   m e t h o d   ( c f .   E x a m p l e   I I - A ) ,   and  t h e  

DNA  b a s e   s e q u e n c e   a t   and  a r o u n d   t h e   i n s e r t   r e g i o n ,  

n a m e l y   X b a I - E c o R I   r e g i o n ,   was  a n a l y z e d .   As  s h o w n  

in  F i g .   5,  p I N 5 G I F 5 4   mus t   be  f r e e   of  t h e   XbaI  c l e a v a g e  

s i t e   o r i g i n a l l y   p r e s e n t   in  p I N 4 G I F 5 4   ( f i g .   3 ) .  

T h e r e f o r e ,   t h e   p l a s m i d   s e p a r a t e d   was  t r e a t e d   w i t h   X b a I ,  

f o l l o w e d   by  0.7%  a g a r   ge l   e l e c t r o p h o r e s i s   a n d  

d e t e r m i n a t i o n ,   f o r   t he   p l a s m i d   DNA  r e m a i n i n g   u n c l e a v e d  

w i t h   X b a I ,   of  t h e   DNA  s e q u e n c e   a t   and  a r o u n d   t h e  

o l i g o n u c l e o t i d e   f r a g m e n t   i n s e r t   by  t h e   M a x a m - G i l b e r t  

m e t h o d .   The  r e s u l t s   o b t a i n e d   c o n f i r m e d   t he   p r e s e n c e   o f  



t he   i n t e n d e d   DNA  b a s e   s e q u e n c e .   T h i s   p l a s m i d   was  n a m e d  

p I N 5 G I F 5 4 ,   and  t h e   WA802  s t r a i n   t r a n s f o r m e d   t h e r e w i t h  

was  named  W A 8 0 2 / p I N 5 G I F 5 4 .  

B)  T r a n s f o r m a t i o n   of   E s c h e r i c h i a   c o l i   W3110 

The  p I N 5 G I F 5 4   p l a s m i d   o b t a i n e d   a b o v e   was  u s e d   f o r  

t r a n s f o r m a t i o n   of   E s c h e r i c h i a   c o l i   W3110  in  t h e   s a m e  

m a n n e r   as  a b o v e .   An  a m p i c i l l i n - r e s i s t a n t   t r a n s f o r m a n t  

was  i s o l a t e d   and  named  W 3 1 1 0 / p I N 5 G I F 5 4 .   T h i s  

t r a n s f o r m a n t   was  c o m p a r e d   w i t h   W 3 1 1 0 / p I N 4 G I F 5 4   w i t h  

r e s p e c t   to   a n t i v i r a l   a c t i v i t y .  

VI.  T e s t   o f   W 3 1 1 0 / p I N 4 G I F 5 4   and  W 3 1 1 0 / p I N 5 G I F 5 4   f o r  

a n t i v i r a l   a c t i v i t y  

W 3 1 1 0 / p I N 4 G I F 5 4 ,   W 3 1 1 0 / p I N 5 G I F 5 4   and ,   as  a  

c o n t r o l ,   W3110  we re   e a c h   g rown  in  2 .0   ml  of   L - b r o t h  

( c o n t a i n i n g   40  u g / m l   of  a m p i c i l l i n )   a t   37°C  o v e r n i g h t ,  

and  0 .1   ml  of   e a c h   c u l t u r e   b r o t h   was  u s e d   f o r  

i n o c u l a t i n g   5  ml  of   L - b r o t h   ( c o n t a i n i n g   40  µ g / m l   o f  

a m p i c i l l i n ) ,   f o l l o w e d   by  f u r t h e r   c u l t i v a t i o n   f o r   2 

h o u r s .   A  2-ml   p o r t i o n   of  e a c h   c u l t u r e   b r o t h   w a s  

c e n t r i f u g e d   a t   3 , 0 0 0   rpm  f o r   15  m i n u t e s .   To  t h e   c e l l s  

t h u s   o b t a i n e d   was  a d d e d   1 .0   ml  of   1  X  PBS  c o n t a i n i n g   1 

mg/ml  of  l y s o z y m e ,   and  t h e   m i x t u r e   was  a l l o w e d   to   s t a n d  



f o r   30  m i n u t e s   to  e f f e c t   b a c t e r i o l y s i s .   T h e r e a f t e r ,  

t h e   c e l l s   were   d i s i n t e g r a t e d   by  t h r e e   r e s p e c t i v e  

r e p e t i t i o n s   of   r a p i d   f r e e z i n g   w i t h   d ry   i c e - m e t h a n o l   a n d  

r a p i d   t h a w i n g   a t   37°C,   and  t h e   s u p e r n a t a n t   o b t a i n e d   b y  

c e n t r i f u g a t i o n   a t   1 0 , 0 0 0   rpm  f o r   10  m i n u t e s   was  a s s a y e d  

f o r   a n t i v i r a l   a c t i v i t y   by  t h e   m e t h o d   d e s c r i b e d   i n  

J a p a n e s e   P a t e n t   A p p l i c a t i o n   No.  8 6 , 1 8 0 / 1 9 8 2 .   T h e  

r e s u l t s   t h u s   o b t a i n e d   a r e   shown  in  T a b l e   2 .  

As  i s   e v i d e n t   f rom  T a b l e   2,  W 3 1 1 0 / p I N 5 G I F 5 4  

e x h i b i t e d   4  t i m e s   h i g h e r   a n t i v i r a l  a c t i v i t y   as  c o m p a r e d  

w i t h   W 3 1 1 0 / p I N 4 G I F 5 4 ,   i n d i c a t i n g   t h a t   t h e   i m p r o v e m e n t  

in  t h e   SD  s e q u e n c e   had  b e e n   e f f e c t i v e   in  i n c r e a s i n g   t h e  

e x p r e s s i o n   y i e l d   of  h I F N - y   p r o t e i n .  

E s c h e r i c h i a   c o l i   W311D  t r a n s f o r m e d   by  p l a s m i d s  

PIN5T4  and  PIN5T5  w h e r e i n   t e t r a c y c l i n e - r e s i s t a n t   g e n e  

( T c r )   i s   i n s e r t e d   i n s t e a d o f   a m p i c i l l i n - r e s i s t a n t   g e n e  

(Apr )   on  P I N 5 G I F 5 4   e x h i b i t e d   t h e   same  a n t i v i r a l   a c t i v i t y  

as  W 3 1 1 0 / P I N 5 G I F 5 4   m e n t i o n e d   a b o v e .  



PINST4  was  p r e p a r e d   by  t h e   l i g a t i o n   of  DNA  f r a g m e n t  

c o n t a i n i n g   h I F N - γ   gene   and  DNA  f r a g m e n t   c o n t a i n i n g  

Tcr  gene   w i t h   T4DNA  l i g a s e   a f t e r   m a k i n g   the   c o h e s i v e  

e n d s   to  s m o o t h   e n d s   w i t h   T4DNA  p o l y m e r a s e   and  d N T P .  

The  f o r m e r   DNA  f r a g m e n t   was  o b t a i n e d   by  c l e a v i n g   P I N 5 -  

GIF54  w i t h   r e s t r i c t i o n   e n z y m e s   A a t I I  a n d   S a l I ,   a n d  

the   l a t t e r   by  c l e a v i n g   pBR322  w i t h   EcoRI   and  A h a I I I  

( F i g .   7 ) .  

PIN5T5  was  a b l e   to   be  p r e p a r e d   by  t h e   same  p r o c e -  

d u r e   as  a b o v e   e x c e p t   f o r   c l e a v i n g   pBR322  w i t h   E c o R I  

and  P s t I   ( F i g .   8 ) .  

The  a n t i v i r a l   a c t i v i t y   d i s a p p e a r e d   upon  t r e a t m e n t  

a t   pH  2  and  upon   n e u t r a l i z a t i o n   w i t h   a  h I F N - y - s p e c i f i c  

a n t i b o d y .   T h e s e   f a c t s   c l e a r l y   i n d i c a t e   t h a t   t h e s e  

t r a n s f o r m a n t s   a r e   h I F N - y - p r o d u c i n g   s t r a i n s .  

The  d a t e s   of  d e p o s i t   of  t h e   m i c r o o r g a n i s m s   r e f e r r e d  

to  a b o v e   a r e   as   f o l l o w s : -  



(1)  An  E s c h e r i c h i a   c o l i   p l a s m i d   v e c t o r   w h i c h  

c o n t a i n s   a  5 ' - t e r m i n a l   u n t r a n s l a t e d   r e g i o n   ( i n c l u s i v e  

of   t h e   p r o m o t e r   r e g i o n   and  S h i n e - D a l g a r n o   s e q u e n c e )   o f  

t h e   E s c h e r i c h i a   c o l i   l i p o p r o t e i n   g e n e ,   s a i d   r e g i o n  

b e i n g   i m p r o v e d   in  t h a t   i t   e n e a b l e s   d i r e c t   p r o d u c t i o n   o f  

a  u s e f u l   p o l y p e p t i d e   in  s u b s t a n t i a l l y   c o m p l e t e   f o r m .  

(2)  A  p l a s m i d   v e c t o r   as  s e t   f o r t h   in  C l a i m   1 ,  

w h i c h   c o n t a i n s   a  s e q u e n c e   i m p r o v e d   in  t h a t   i t   e n a b l e s  

s t a b l e   and  c o m p l e m e n t a r y   b i n d i n g   of  t h e   S h i n e - D a l g a r n o  

s e q u e n c e   to   t h e   3 ' - t e r m i n u s   of   E s c h e r i c h i a   c o l i   16S  

r i b o s o m e   RNA. 

(3)  A  p l a s m i d   v e c t o r   as  s e t  f o r t h   in  C l a i m   1  or  2 

w h i c h   c o n t a i n s   an  a p p r o p r i a t e   r e s t r i c t i o n   e n z y m e  

c l e a v a g e   s e q u e n c e   b e t w e e n   t h e   S h i n e - D a l g a r n o   s e q u e n c e  

and  t h e   t r a n s l a t i o n   i n i t i a t i o n   c o d o n   ATG. 

(4)  A  p l a s m a   v e c t o r   as  s e t   f o r t h   in  C l a i m   3 ,  

w h e r e i n   t h e   r e s t r i c t i o n   enzyme   c l e a v a g e   s i t e   i s   a  

s e q u e n c e   c l e a v a b l e   w i t h   E c o R I .  

(5)  A  p l a s m i d  v e c t o r   as  s e t   f o r t h   in  C l a i m   2 ,  

w h e r e i n   t he   S h i n e - D a l g a r n o   s e q u e n c e   c o n t a i n s   t h e  

s e q u e n c e   5 ' A G G A G G T 3 ' .  

(6)  A  p l a s m i d   v e c t o r   as  s e t   f o r t h   in  C l a i m  

1,  w h e r e i n   a  gene   c o d i n g   f o r   t h e   u s e f u l   p o l y p e p t i d e   i s  

i n s e r t e d   d o w n s t r e a m   f rom  t h e   5 1 - t e r m i n a l   u n t r a n s l a t e d  

r e g i o n   ( i n c l u s i v e   of  t he   p r o m o t e r   r e g i o n   a n d  

S h i n e - D a l g a r n o   s e q u e n c e ) .  



(7)  A  p l a s m i d   v e c t o r   as  s e t   f o r t h   in  C l a i m   6 ,  

w h e r e i n   t h e   u s e f u l   p e p t i d e   has   t h e   amino   a c i d   s e q u e n c e  

of   human  immune  i n t e r f e r o n .  

(8)  A  p l a s m i d   v e c t o r   as  s e t   f o r t h   in  C l a i m   7 ,  

w h e r e i n   t h e   gene   c o d i n g   f o r   t h e   amino   a c i d   s e q u e n c e   o f  

human  immune  i n t e r f e r o n   i s   a  c h e m i c a l l y   s y n t h e s i z e d  

g e n e   o r   a  gene   p r o d u c e d   w i t h   t h e   a i d   of   p u r i f i e d   i m m u n e  

i n t e r f e r o n   mRNA  f rom  human  p a n c r e a t i c   t i s s u e s   o r  

p e r i p h e r a l   b l o o d   l y m p h o c y t e s .  

(9)  A  p l a s m i d   v e c t o r   as  s e t   f o r t h   in  C l a i m   8 ,  

w h e r e i n   t h e   c h e m i c a l l y   s y n t h e s i z e d   gene   c o n t a i n s   t h e  

b a s e   s e q u e n c e   as  shown  in  F i g .   6 .  

(10)  A  p l a s m i d   v e c t o r   as  s e t   f o r t h   in  C l a i m   1 ,  

w h e r e i n   t h e   p l a s m i d   i s   s e l e c t e d   f rom  t h e   g r o u p  

c o n s i s t i n g   of  p I N 4 G I F 5 4   and  p I N 5 G I F 5 4 .  

(11)  A  p l a s m i d   v e c t o r   as  s e t   f o r t h   in  C l a i m   1 

w h i c h   c o n t a i n s   t h e   b a s e   s e q u e n c e   as  shown  in  F i g .   3 .  

(12)  A  p l a s m i d   v e c t o r   as  s e t   f o r t h   in   C l a i m   5 

w h i c h   c o n t a i n s   t h e   b a s e   s e q u e n c e   as  shown  in  F i g .   5 .  

(13)  An  E s c h e r i c h i a   c o l i   t r a n s f o r m a n t   o b t a i n e d   b y  

t r a n s f o r m a t i o n   w i t h   a  p l a s m i d   as  s e t   f o r t h   in  any  o f  

C l a i m s   7 - 1 2 .  

(14)  A  t r a n s f o r m a n t   as  s e t   f o r t h   in  C l a i m   13  w h i c h  

i s   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   o f  

W A 8 0 2 / p I N 4 G I F 5 4 ,   W A 8 0 2 / p I N 5 G I F 5 4 ,   W 3 1 1 0 / p I N 4 G I F 5 4   a n d  

W 3 1 1 0 / p I N 5 G I F 5 4 .  



(15)  A  c u l t u r e   c o n t a i n i n g   a  p o l y p e p t i d e   h a v i n g   t h e  

a m i n o   a c i d   s e q u e n c e   of   human  immune  i n t e r f e r o n ,   s a i d  

c u l t u r e   b e i n g   o b t a i n e d   by  c u l t i v a t i n g   a  t r a n s f o r m a n t   a s  

s e t   f o r t h   in  C l a i m   13  or  1 4 .  
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